Purpose: The purpose of this study was to estimate the incidence and the direct medical cost of sexually transmitted infections (STIs) among young persons in California and each of its 58 counties, and to better inform discussions about statewide policies and local resources needed for STI prevention and control efforts. Methods: On the basis of the methods developed at the Centers for Disease Control and Prevention we estimated the statewide number of new cases of eight major STIs among young persons aged 15 to 24 years in California in 2005: chlamydia, gonorrhea, syphilis, genital herpes, human papillomavirus (HPV), hepatitis B, trichomoniasis, and HIV. We also calculated the direct medical cost of these STIs using national cost-per-case estimates. To inform local policy discussions about STI control efforts, the statewide estimates were allocated by county. Results: An estimated 1.1 million new cases of STIs occurred among young persons in California in 2005, with a direct medical cost of $1.1 billion. The estimated number of new cases within counties ranged from a low of 82 in Alpine and Sierra counties, at a cost of $38,000, to a high of about 360,000 in Los Angeles County, at a cost of $390 million. Conclusions: These estimates illustrate the widespread and frequently underreported incidence and costs of youth STIs in California and its counties, and provide the foundation for a comprehensive assessment of youth STI prevention needs.
Sexually transmitted infections (STIs) can have considerable and long-lasting impact on the health and quality of life of individuals, in the form of infertility, ectopic pregnancies, dyspareunia, cancer, and increased susceptibility to HIV. Young persons aged 15 to 24 years acquire more than half of all new STIs every year (Weinstock, Berman, & Cates, 2004) . National estimates show that 9.1 million new STIs occurred among 15-24-year-olds in the year 2000, the majority of which were due to human papillomavirus (HPV), trichomoniasis, and chlamydia (Weinstock, Berman, Cates, 2004) .
Despite the progress over the last decade in screening and detecting STIs, especially among young persons, major obstacles remain to accurately monitoring the incidence and prevalence of STIs. Many STIs are asymptomatic and detected only through screening, not all STIs are reportable (e.g., HPV and trichomoniasis), and screening and reporting are not always complete for reportable STIs, which means that the true incidence of STI is likely to be substantially higher than the number of reported cases each year (California Department of Health Services, 2006c; Chesson, Blandford, Gift, Tao, & Irwin, 2004) .
In addition to the morbidity caused by STIs, the burden of STIs also is reflected in the economic costs associated with these infections. These costs comprise direct, indirect, and intangible costs (Chesson et al., 2004) . Direct costs are further divided into medical and non medical components. Direct medical costs refer to the expenses of treating acute infections (e.g., diagnostic testing, drug treatments, and doctor visits) and the sequelae of untreated or inadequately treated acute infections, such as pelvic inflammatory disease. Direct non medical costs are those associated with receiving medical treatment, such as transportation to a medical appointment. Indirect costs refer to productivity losses, or lost wages, attributable to STIs. Finally, intangible costs are related to the pain and suffering associated with STIs.
The national direct medical cost of the estimated 9.1 million cases of STIs among young persons aged 15 to 24 years was estimated at $6.5 billion for the year 2000 (Chesson et al., 2004) . The bulk of this cost was associated with HIV and HPV infection. Estimates of direct nonmedical, indirect, and intangible costs either do not exist or have not been calculated for all STIs or agespecific groups.
National estimates of incidence and costs of STIs among young persons are important for national policy development and funding decisions on efforts to prevent STIs (Weinstock et al., 2004) . National estimates, however, have limited value for states' and counties' policy, program, and budgetary decisions, as different states have different population profiles for STI risk. The purpose of this study was to estimate the incidence and direct medical cost of STIs among young persons for California and each of its 58 counties, extending the national estimates and the methodology developed by Weinstock et al. (2004) and Chesson et al. (2004) . The estimated incidence and direct medical cost can be used to inform discussions about statewide policies and local resources needed for STI prevention and control efforts.
Methods
Incidence Basing our methods on those developed by Weinstock et al. (2004) for their national study, we estimated the incidence of eight major STI among young persons aged 15 to 24 years in California in 2005: chlamydia, gonorrhea, syphilis, genital herpes, HPV, hepatitis B, trichomoniasis, and HIV.
Because county-specific numbers of STIs are not available for most STIs, we extrapolated the California estimates for chlamydia, gonorrhea, syphilis, genital herpes, HPV, hepatitis B, and trichomoniasis to the county level using the number of gonorrhea and chlamydia cases reported in 2005 in California (California Department of Health Services, 2006d), which are available at the county level. For both chlamydia and gonorrhea among 15-24-yearolds, we calculated the proportion of each county's cases from the statewide total. We then averaged the chlamydia and the gonorrhea proportion to obtain an overall proportion for each county. This was then multiplied by the statewide estimate for each STI to obtain county-level estimates for each STI. Given the limited data available on other proxies for risk at the county level, we assumed that the distributions of other STIs are associated with the distribution of gonorrhea and chlamydia. Because the distribution of chlamydia and gonorrhea differs slightly, and because it is unknown which of the two the other diseases follow most closely, we weighted equally the gonorrhea and chlamydia distributions.
County-specific numbers of HIV infection also are not available, and thus, we used a similar method to extrapolate the statewide estimate for HIV to the county level. HIV infection is unlikely to follow the distribution of gonorrhea and chlamydia, however, so we instead used the number of reported sexually transmitted AIDS cases in each county during 2001 -2005 (California Department of Health Services, 2006b ). We assumed a minimum of one case of AIDS in counties for which data were withheld due to the small number of cases reported. We then calculated the proportion of each county's sexually transmitted AIDS cases from the statewide total of sexually transmitted AIDS cases. The proportion for each county was multiplied by the statewide estimated number of HIV cases to obtain county-level estimates.
Chlamydia
To estimate the true incidence of chlamydia among young persons aged 15 to 24 years, we followed the method of Groseclose, Zaidi, DeLisle, Levine, and Louis (1996) and Weinstock et al. (2004) . We first used data from the 2002 National Survey of Family Growth (NSFG; Centers for Disease Control and Prevention, 2006a) to estimate the percentage of sexually active U.S. women aged 15 to 24 years in ethnic or racial groups (i.e., Black, White, Hispanic, and other). We estimated the percentages separately for each year of age to account for age differences in sexual activity. We then applied these percentages to the California Department of Finance's (2007) 2005 population estimates for females aged 15 to 24 years, thus obtaining the number of 15-24-yearold women who are sexually active and thus at risk for STIs.
We then used California-specific chlamydia prevalence-monitoring data for 2005 from the Region IX Infertility Prevention Project (California Department of Health Services, 2006e) to determine the percentage of women who screened positive for a chlamydial infection in family planning clinics. Using the number of sexually active women and the percentage of women who were positive for a chlamydial infection we calculated the number of prevalent infections for Black, White, Hispanic, and other women. Assuming that the duration of chlamydial infection in women is 0.96 years and that incidence of infection is its prevalence divided by duration (Chesson et al., 2004; Groseclose et al., 1999) , we calculated the number of incident infections among women. To calculate the number of incident cases among men we assumed that the incidence among men equals that among women (Chesson et al., 2004; Groseclose et al., 1999) .
Gonorrhea
To estimate the true incidence of gonorrhea among young persons aged 15 to 24 years in California we assumed that the cases reported to the California Department of Health Services (2006d) for this group in 2005 were underreported and under diagnosed by 50% (Weinstock et al., 2004) . We estimated the number of incident cases separately for males and females.
Syphilis
We assumed that the cases of primary, secondary, and early latent syphilis reported to the California Department of Health Services (2005c) for young persons aged 15 to 24 years in 2005 were underreported and underdiagnosed by 20% (Weinstock et al., 2004) . We estimated the number of incident cases separately for males and females.
Genital Herpes
Genital herpes is not a reportable STI in California, and no reliable state or local estimates of incidence exist. The herpes simplex virus type 2 (HSV-2) is the cause of most genital herpes. Weinstock et al. (2004) estimated that 640,000 new HSV-2 infections occurred among young persons in the United States in the 2000. This estimate was based on the assumption that the rate of genital herpes in 2000 had remained the same as the rate in 1985 (Weinstock et al., 2004) . A recent study on the trends of herpes simplex virus type 1 and type 2 seroprevalence in the United States has shown, however, that the overall age-adjusted HSV-2 seroprevalence decreased by 19% between 1988 19% between -1994 19% between and 1999 19% between -2004 19% between (Xu et al., 2006 .
Taking this decrease into consideration, we estimated 520,000 new HSV-2 infections among persons aged 15 to 24 years in the United States. (Gender-specific estimates were not available.) We then extrapolated the national estimate to California using a multiplier of 12.91%, which represents California's proportional share of youth aged 15 to 24 years in the United States population. The multiplier was calculated using U.S. population estimates from the U.S. Census Bureau (2006) and California population estimates from the California Department of Finance (2007) . This multiplier was chosen as a straightforward way to estimate how many of the national cases of genital herpes would occur in California based on the percentage of the U.S. population of young persons who live in California.
Human Papillomavirus (HPV)
HPV is not a reportable STI in California, and no reliable state or local incidence estimates exist. The national incidence estimate for HPV (4.6 million) calculated by Weinstock et al. (2004) was therefore extrapolated to California using the multiplier of 12.91%. In estimating the incidence of HPV among 15-24-year-olds, Weinstock et al. (2004) assumed that incidence among females reflects the incidence among males.
Hepatitis B
To estimate the true incidence of hepatitis B among young persons aged 15 to 24 years, we followed the calculation method of Weinstock et al. (2004) (Weinstock et al., 2004) . (Gender-specific estimates were not available.) We extrapolated the national estimates to California using the multiplier of 12.91%.
Trichomoniasis
For trichomoniasis, we extrapolated the national estimate (1.9 million) calculated by Weinstock et al. (2004) to California using the multiplier of 12.91%. Weinstock et al. (2004) To calculate the total direct medical cost for each STI, we multiplied the inflation-adjusted cost per case by the estimated total number of incident cases of each STI estimated to have occurred in 2005 among young persons aged 15 to 24 years. For the STIs for which a genderspecific cost per case was available, we multiplied the gender-specific cost per case by the gender-specific incidence estimate or we assumed a male-to-female ratio in a genderneutral estimate. Rounded to two significant digits. In calculating total direct medical costs, we assumed that males accounted for 43% of new cases of genital herpes and 50% of new HPV infections among 15-24-year-olds. Furthermore, gender-specific incidence estimates indicated that males accounted for 50% of new cases of Chlamydia and 40% of new cases of gonorrhea.
Results

Statewide
Counties
Appendix A shows the estimated number of new cases of STIs in 2005 and the total direct medical cost for each California county. The estimated number of new cases within counties ranged from a low of 82 in Alpine and Sierra, at a cost of $38,000, to a high of about 360,000 in Los Angeles county, at a cost of $390 million. To illustrate regional variability, the data were organized into five social-geographic regions consisting of contiguous groups of counties organized by geographic and demographic proximity (North/Mountains, Central Valley, Bay Area/Central Coast, Los Angeles County, and South). The direct medical cost ranged from a low $22 million in the North/Mountains region to $150 million and over in all other regions. The Los Angeles County region had the highest cost, at $390 million.
Discussion
The most commonly used marker for the impact of STIs is the number of cases reported to local health departments. As was reinforced by our analysis, however, the reported number of cases of newly acquired STIs considerably underestimates their true incidence. This undercounting is most likely due to incomplete screening coverage of at-risk populations, underreporting of infections by medical and laboratory providers, and presumptively treated infections that are not confirmed by testing (California Department of Health Services, 2006c).
Furthermore, as was shown by our analysis, the cost of treating acute infections and their sequelae can be considerable, whether due to the high cost per case of some STIs, such as HIV, or due to the high incidence of other STIs, such as HPV. The high lifetime cost of HIV infection is well-known; however, the lifetime cost of other STIs is less well documented. The cost estimates from this analysis represent only a portion of the total economic burden of STIs among young people in California, as not all STIs were considered and direct non medical, indirect, and intangible costs were not estimated. Nevertheless, the estimates derived from this analysis suggest that the economic burden of newly acquired STIs in 2005 among young people in California exceeded $1 billion in direct medical cost.
The wide range of incidence and cost estimates across counties results from county variations in STI incidence rates, together with county variations in the size of the 15-24-year-old age cohorts. Some of the major factors contributing to differences in STI incidence rates include variations in poverty levels; differences in sexual practices and social-sexual networks between urban, rural, and suburban populations; variations in the proportion of racial or ethnic populations in different counties; and differing levels of access to care (Aral & Holmes, 1999; California Department of Health Services, 2006c; Centers for Disease Control and Prevention, 2006b, 2007; Sapolsky, 2005) .
Although non reportable infections account for a majority of the cost of STIs other than HIV, the incidence and cost of these non reportable infections have been largely absent from discussions about policy and funding at the state and local level in California. Here, and in most other states, STI prevention and control efforts have focused on reportable bacterial infections (Chlamydia, gonorrhea, and syphilis) that can be easily diagnosed and treated. Yet, our estimates show that these three STIs account for less than 20% of the calculated incidence for all STIs among 15-24-year-olds in 2005 and less than 7% of the direct medical cost for all STIs (other than HIV) for this age group. Given the substantial incidence and costs associated with non reportable STIs, greater emphasis is needed on primary prevention, as well as monitoring, of these "hidden" STIs among youth, as well as all other age groups. Nevertheless, obstacles exists to preventing and monitoring non reportable STIs such as genital herpes, as no proven programs exist for preventing it, and vaccine trials are incomplete. In addition, mass screenings and using antiviral medications for everyone who is infected would be expensive.
It is well-known that several STIs, such as non reportable trichomoniasis and genital herpes, increase the risks of transmitting and acquiring HIV (Centers for Disease Control and Prevention, 1998; McClelland et al., 2007; Serwadda et al., 2003; Wald & Link, 2002; Wasserheit, 1992) . Historically, little emphasis has been placed on prevention and control of non-reportable STIs in HIV prevention efforts. Our incidence estimates show that genital herpes and trichomoniasis account for 50% more infections than do Chlamydia, gonorrhea, and syphilis combined. Thus, these two non reportable STIs should be included in costsavings calculations and in policy and program dialogue about STI/HIV prevention and control efforts in California.
We relied on various assumptions in our calculations of incidence and cost estimates. Therefore, the estimates we have derived should be considered approximations. Our analyses are subject to the same limitations as were the methods and cost-per-case estimates on which we relied in our calculations. For example, the assumptions included rates of underreporting, proportion of STIs among young people, treatment guidelines, previous cost estimates, non exhaustive direct medical costs, and others. In addition, although estimates of the cost burden of HPV-related health outcomes can vary substantially (Insinga, Dasbach, & Elbasha, 2005) , it is important to note that many possible adverse health outcomes attributable to HPV, such as anal, vaginal, and vulvar cancers, were not included in the HPV cost estimated by Chesson et al. (2004) . Further discussion of these limitations can be found in the studies cited in the Methods section.
In our calculation of the incidence of Chlamydia we used the 2002 NSFG (Centers for Disease Control and Prevention, 2006a) to estimate the number of sexually active women who are at risk for acquiring STIs. The 2002 NSFG does not include anal sex in its question about sexual activity and number of partners; therefore, any females who reported only anal sex in the past year would not be counted, but are still at risk for STI transmission. We relied on NSFG data in our calculations because California lacks reliable data on adolescent sexual behaviors at the county level and at the local school-district level. A coordinated, representative, statewide system for collecting local-level data on adolescent sexual behavior via standardized questions compatible with those used in national surveys of adolescents would facilitate future estimates.
California has a robust surveillance system for reportable STIs, including prevalencemonitoring projects in family planning clinics. These data were used in our calculation of the incidence of chlamydia and gonorrhea and in our distribution of state-level estimates to the county level. Nevertheless, sentinel family planning sites, the source of the chlamydia prevalencemonitoring data, are not a random sample of all family planning providers across California, clinics that participate in the prevalence monitoring project might not collect data on every person being tested, and some young women might not access care at family planning clinics, all of which could lead to either underestimation or overestimation of the true prevalence of Chlamydia in the population of young women in California.
The methodology used to distribute the statewide estimated number of incident STIs among the counties also has limitations. Because the true geographic distribution of non reportable STIs is unknown, we used the distribution of reported gonorrhea and Chlamydia cases to approximate the distribution of the other STIs, except HIV. The distribution of reported gonorrhea and Chlamydia cases is largely determined by the population size of each county, the age and race/ethnic distribution, and the distribution of risk factors. Because population size is the main determinant of the STI distribution, and because the risk and demographic factors associated with gonorrhea and Chlamydia are correlated with other STIs, this approach is not unreasonable. Nevertheless, because the risk factors for different STIs are not perfectly correlated, and the distributions of different STIs are known to differ geographically (California Department of Health Services, 2006c; Centers for Disease Control and Prevention, 2006b), some error in the distribution of the estimated STIs between counties is introduced by this approach.
Although all incidence and cost estimates reported here are approximate, these estimates provide a useful starting point for the first comprehensive appraisal of the costs of STIs among young persons in California, and for the allocation of this economic burden among counties and regions of the state. With this new information state and county policymakers will be better able to assess the sufficiency of current state and local resources and investments to prevent STIs among young persons.
